fad ot 4

U.S. DEPARTMENT OF COMMERCE
National Technical Information Service

AD-A020 110

AN IMPROVED ANALYTICAL METHOD FOR ATMOSPHERIC CHLORIDES
IN TROPIC TESTS

ArRMY TroPic TeST CENTER

Jury 1975




s

AN~ s s A el e Tt Sy S

Belween the time you ordered this report—
which is only one of the hundreds of thou-
sands in the NTIS information collection avail-
able to you—and the time you are reading
this message, several new reports relevant to
your interests probably have entered the col-
lection.

Subscribe to the Weekly Government
Abstracts series that will bring you sum-
maries ot new reports as soon as they are
received by NTIS from the originators of the
research. The WGA's are an NTIS weekly
newsletter service covering the most recent
research findings in 25 areas of industrial,
technological, and sociological interest—
invaluable information for executives and
professionals who must keep up to date.

Thn executive and professional informa-
tion service provided by NTIS in the Weekly
Government Absiracts newsletters will give
you thorough and comprehensive coverage
\of government-conducted or sponsored re-

KEEP UP TC DATE

search activities. And you'll get this impor-
tant information within tvo weeks of the time
it's released by originating agencies.

WGA newsletters are computer produced
and electronically photocomposed to slash
the time gap between the release of a report
and its availability. You can learn about
technical innovations immediately—and use
them in the most meaningful and productive
ways nossible for your organization. Please
request NTiS-PR-205/PCW for more infor-
mation.

The weekly newsletter series will keep you
current. But learn what you have missed in
the past by ordering a computer NTiSearch
of all the research reports in your area of
interest, dating as far back as 1964, if you
wish. Please request NTIS-PR-186/PCN for
more information.

WRITE: Managing Editor
5285 Port Royal Road
Springfield, VA 22161

\

/

[

SRIM (Selected Research in Microfiche)
provides you with regular, automatic distri-
bution o7 the complete texts of NTIS research
reparts only in the subject areas you select.
SRIM covers almost all Government re-
search reports by subject area and/or the
originating Federal or local government
agency. You may subscribe by any category
or subcategory of our WGA (Weekly Govern-
maent Abstracis) or Government Reports
Annourcements and Index categories, or to
the reports issued by a particular agency
such as the Department of Defense, Federal
Energy Administration, or Environmental
Protection Agency. Other options that will
give you greater selectivily are available on
request.

The cost of SRIM service is only 45¢
\domestic (60¢ foreign) for each complete

Keep Up To Date With SRIM

microfiched report. Your SRIM service begins
as soon as your order is received and proc-
essed and you will receive biweekly ship-
ments thereafter. If you wish, your service
will be backdated to furnish you microfiche
of reports issued. earlier.

Because of contractual arrangements with
several Special Technology Groups, not all
NTIS reports are distributed in the SRIM
program. You will receive a notice in your
microfiche shipments identifying the excep-
tionally priced reports not available through
SRIM.

A deposit account with NTIS is required
before this service can be initiated. 1f you
have specific questions concerning this serv-
ice, please call (703) 451-1558, or write NTIS,
attention SRIM Product Manager.

\

/

This information product distributed by

5285 Port Royal Road
Springfield, Virginia 22161

US. DEPARTMENT OF COMMERCE

National Technical Information Searvice




AD
TECOM PROJECT NO. ¢ CO 009 000 022
USATTC REPORT NO. 7507004

METHODOLOGY INVESTIGATION

AN IMPROVED ANALYTICAL METHOD FOR

c' ATMOSPHERIC CHLORIDES IN TROPIC TESTS

|
" g FINAL REPORT

by

N J. 7. SPROUSE
f JULY 1975
S
r; ' « Approved for public zelease; distribution unlimited. 4

UNITED STATES A..MY
TROPIC TEST CENTER

FORT CLAYTON, CANAL ZONE

: !
Reproduced by {

NATIONAL TECHNICAL
INFORMATION SERVICE

US Depatiment of Commerce
Springlield, VA, 22151

PRICES SUBJECT TO CHANGE i

Lo o




5 <
Ao SR SULLE T BT NG, REE gy

F : J PP et o Vi ) S fmmm,%

o

¥ DISPOSITION INSTRUCTIONS*

] . Destroy this report when no jonger needed. Do not return it to the originator.

DISCLAIMER

!
|
. . . |
The findings in this report are not to be construed as an official Department of the Army |
position, unless so designated by other authorized documents. The use of trade names in ‘
] this report does not constitute an official cndorsement of the use of such commercial
hardware or software. This report may not be cited for purposes of advertisement. !
!
!
{

M ianad

. Thcw Jnstructions do not appsy to the record copy (4R 340-18).

i1




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Lntered)
possmpas .

REPORT DGCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER
TECOM PROJECT NO. 9 CO 009 J0u 022

2. GOVY ACCESSION NO,|

3. RECIPIENT’'S CATALOG NUMBER

4. TITLE (end Subtitle)

AN IMPROVED ANALYTICAL METHOD FOR
ATMOSPHERIC CHLORIDES IN TROFIC TESTS

5. TYPE OF REPORT & PERIOD COVERED
FINAL REPORT
pEPTEMBER 1974 THROUGH FEBRUARY 1976

6. PERFOURMING ORG. REPORT NUMBER
USATTC REPORT NO. 7507004

7. AUTHOR(s)

J. F. SPROUSE

8. CONTRACT OR GRANT NUMBER(s)

TECOM MIP 1U7657020625

9 PERFORMING ORGANIZATION NAME AND ADDRESS
US ARMY TROPIC TEST CENTER
ATTN: STETC-AD
APO NEW YORK 09827

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

1). CONTROLLING OFFICE 2% ANZ ATZNESS
US ARMY TEST AND EVALUATION COMMAND
ATTN: AMSTE-ME
ABERDEEN PROVING GROUND, MD 21005

12. REPORT DATE
JULY 1975

13, NUMBER OF PAGES
29

14 MONITORING AGENCY NAME & ADORESS(/! dlferent from Controlling Office)

15. SECURITY CLASS. (of thia roport)

UNCLASSIFIED

15a, DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If ditferent from Report) I3

18, SUPPLEMENTARY NOTES

Air Sampling Flame Emission

Atmospheric Chlorides Spectroscopy

Atmosphernic Corrosion Mercuric Mitrate

Chloride Analysis Msthodology

Diphenylcarbazone- Panama Canal Zone
Bromphenal Blue Salt

19. KEY WORDS (Continue on reverse sido 1. necessary and identHy by block number)

Sea Salt

Sodium Analysis

Spaecific Chloride Electrode
Tropic Regions

Tropic Test Center

Wet Candlo

20 ABSTRACT (Continue on roverso side If necossary and Identily by block number)

diphenylcarbazons-bromphenol blue indicator.

mathod. Flame emission for sodium, using an empirical chloride to sodium ratio

A maethodology investigation was recently completad at the US Army Tropic Test Canter in the Canal Zone to develop an improved
snalytical method for rapid dater.nination of water-soluble chlorides. For the past 8 years, ambiant salt has been measured for
corrosion studies by wat-candle sampling and determining watersoluble chiorides by manual mercuric nitrate titration using

Two experimental methods, select fon electrode and flame emission for sodium, ware evaluated against the standard mercuric nitrate

cencentration to the mercuric nitrate method and results ware well within the error limitations of the wet-canile sampling method.
The investigation showad that by using flame emission, instead of the mercuric nitrate titration, time for laboratory work was halved.

It was recommended that the new method bs adopted as standard operating procedure at the Tropic Test Center, thereby realizing a
savings/investment ratio of 1.17 and a 17 percont rate of return of tha initial cost of the investigation,

of 1.69, provides the best estimate of chioride

DD , 555", 1473  eoiTion oF 1NOV 6515 0BSOLETE

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

e ——— o ey e e e




SUMMARY
SO A S

The US Army Tropic Test Center conducted a methodology investigation from
Scptember 1974 through February 1975 in the humid tropic environment of the Canal
Zone. Objective was to develop an improved analytical technique for rapid determination
of total chloride in wet-candle samplers,

For the past 8 ycars atmospheric salt has been mcasured at tropic test sites by the
wet-candle method. Ambicnt salt naturally impinges upon a wet gauze wick -which
transports and holds it over a 30-day exposure period. The candle is then returned to the
laboratory and analyzed for water-soluble chlodds. The past analytical procedure for
chloridc has used the manual mercuric nitrate titration using diphenylcarhazone-bromphenol
bluc as an indicator.

Twe instrumental methods were evaluated against the mercuric nitrate method for
reducing supply requirements, speed of analysgs, and achieving comparable accuracy of
results. The two methods evaluated were chloride select ien clectrode and flame
photometry for sodium concentration. Chloride to sodium ratios were uscd as a basis for
chloride determination in the latter method. Flame emission for measuring sodium
concentrations was found to provide an estimate cf chloride cuncentrations well within
the crror limitations of the wet-candle sampling mecthed. The chloride to sodium ratio
found satisfactory for calculating chloride concentration was 1.69. By using the flame
emission analysis for sodium instcad of chloridc measurcments by mercuric nitrate
titratior,, time for laboratory work was halved. The new method of analysis will result

in a savings/investment ratio of 1.17, and vyield a 17 percent rate of return on the initial
cost of the methodology investigation.
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During the preparation of this final report, significant technical contributions were :

made by M. A. Johnson and J.C. Bryan of the US Army Tropic Test Center staff.

Mr. Johnson provided the statistical analyses of the data and Mr, Bryan completed the

cconomic analysis. During the vxperimental portion of the stucy, significant contributions .
were made by Elizabeth Tejeira and George Lindahl, also of the USATTC staff.

This project was conducted under the technical supervision of Dr. D. A. Dobbins,
Chizf, Analysis Division, US Army Tropic Test Center.
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SECTION I. INTRODUCTION

BACKGROUND

In coastal regions where atmospheric salt plays an important role in corrosion
processes, the requirement exists to measare the ambient salt content for correlation with
matericl performance. Ambient salt measurements have been performed at US Army
Tropic Test Center sites oa a regular basis since 1967, The atmospheric sampling method
currently uscd employs the “wet-candle technique” which provides a relative comparison
of ambient saltfall between test sites. Saltfull is reported as average daily chloride
impinging on an ¢xposed surface area of wet gauze during a given ficld exposure period.
The waterssoluble chloride is determined by a titrimetric technique, very time consuming
and requiring a large amount of rcagents, supplics, and laboratory space. Individual
sumples are still manually processed for analysis including digestion, chemical treatment,
and titration. This investigation was initiated to develop a faster analytical technique that
would reduce the man-hour requirement for analysis, the amount of support chemicals
and supplies, and allow automatic sample handling without sacrificing accuracy of
analysis.

OBJECTIVE

Develop an improved analytical method for rapid determination of total chloride in
wet-candle ficld samplers.

Preceding page blank
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SECTION I, DETAILS OF INVESTIGATION

GEWFRAL

This investigation was initiated to develop an improved analytical technique for
rapid decermination of water-soluble chloride collected in the tropics. The “wet-candle
technique” for sampling ambicnt concentrations of salt has long provided a simple means
of comparing saltfall among remote test sites without eclectric power. Its primary
disadvantage has been the time required for chemical analysis in the laboratory. Total
time required for digestion, chemical treatment and titration has been approximatcly 8
hours. Typically, six to cight samples have been handled by one technician during this
period. Chemical treatment and titration have required approximatcly 5 hours of the
totai. Therefore an analytical technique has been sought that will shorten the time
consuming process. The basic requirement for ficld sampling has been satisficd by the
wet-candle mcthod, but presently available analytical techniques can save dwindling
man-hour resources.

Since 1967, the Tropic Test Center has provided wet-candle salt mcasurements for
numerous tests by the US Army Frankford Arsenal. Ambient salt measurcment test
support has also been furnished for the HAWK Missile System (US Air Force Systems
Command), Tropical Scrvice Life of Electronic Parts (US Army Electronics Command),
and the External Cargo Sling (US Army Aviation Systems Command). Support is
currently active for Frankford Arsenal, ECOM and AVSCOM.

Wet-candle measurements also have been uses to support the Tropic Test Center’s
test methodology program. Past methodology investigations supported include
Determination of Optimum Tropic Storage and Exposure Sites, FY 70—73; Mobility in
Natural Environments, FY 73—-74; and Exposure/Performance Tests of Selected Materiel
Items, FY 74-75.

RELATED LITERATURE

The measurcment of ambient salt concentrations requires that salt be collected from
the air, then a suitable analytical technique must be used to measure the quantity
collected. Several methods have been employed for both sampling and analyses, each of
which has its advantages and disadvantages. A bibliography on sampling methods,
analytical techniques, and salt related corrosion studies by Brierly! provides a convenient
source of reference material.

Field Sampling

Two methods are presently used at the Tropic Test Center for measuring
atmospheric chloride; wet candles? and high-volume air filtration.3

1 Brierly, W. B., Bibliograpky on Atmospheric (Cyclic) Sea-Salts, US Army Natick Labs, Technical Report No, 70-63-ES,
April 1970,

2 Foran, M. R,, E. V, Gibbons, an3 J. R. Wellington, The Measurement of Atmospheric Sulfur Dioxide and Chlorides,
Chemistry in Canada, Vol 10 (5), p 33~41, May 1958.

3 ASTM.-STD, D 2009-65, part 23, Collection by Filtration and Determination of Mass, Number, and Optical Sizing
of Atmospheric Particulates, Recommended Practices, for, pp 854862, Philadelphia, PA, 1967.
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1 The wet-candle mcthod is used more widely in the Canal Zone because it is siraple
, to operate and doces not require electrical power. While this method does not provide an

E ' absolute means of measuring ambient levels of chlorides, it provides a measure of relative

quantitics of saltfall among different test sites. The wet candle, figure 1, provides a
sampling method for collecting salt spray and crystals that are deposited by impingement
on a surface. The same mechanism for deposition applies to surface deposits incident to
matericl located near coastal regions.

Figure 1. Wet Candle for Sampling Ambient Salts.
8
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The wet-candle method by Ambler and Bain® was used for measuring ambicnt salt
conicentrations in Canada.* Candles used at the Tropic Test Center are identicai to those
used for the Canada corrosion studics and the only maintenance required in the tropics is
adding distilled watcr during the dry scason. Average daily salt levels arc determined by
exposing the candles for approximately 30 days, then determining the number of
milligrams (mg) of chloride that accumulated during that period. Results are reported in
mg chloride per square meter of exposed gauze per day. In this manner, the value
reported represents the average saltfall per day of exposure.

The sccond method of measuring saltfall is a choride-free filter pad through which a
known volume of air is passed. The filter pad is then digested in water and the solation
analyzed for total chloride by the same wet analysis procedure used for the wet candles.®
Thus far, only onc tropic test site has been monitcred by this technique. The method
allows measurement of particulate and acrosol chlo.ide concentration in the air, and will
be used further where absolute measurements are required for supporting tropic tests.
The method has the disadvaniages of requiring electrical power for driving an air pump
and collects only those salt particles greater than the pore size in the filter pad.

Analvtical Mcthods

After wet candles are exposed to the environment for approximately 30 days, they
are returned to the laboratory and the chloride is extracted from the gauze and combined
with the solution removed from the candle flask. Total milligrams of chloride in the
solution is equal to that deposited during the ficld exposure except for a small amount
residual to the candle.

A standard method for measuring dissolved chloride is to titrate it with a dilute
solution of mcrcuric nitrate in the presence of a mixed diphenylcarbazone-bromphenol
bluc indicator.® This method is currently used at the Tropic Test Center for determining
dissolved chloride from wet candles and filters from the high-volume air samples.

Dissolved chlorides also may be analyzed using instrumental methods. Specific ion
clectrodes® (SIE) are being used in practically every application where the requirement to
monitor chloride cxists. While the measurement js very simple and fas, specific ion
clectrodes are subject to crroncous measurements because of interfering ions in certain
applications, thereby limiting their uscfulness.

It is possible to closely approximate ambicnt salt concentrations by measuring the
quzntity of metallic ions composing the water-soluble salt. While a theoretical ratio may
not be acceptable for converting cation to anion concentration, an experimentally
determined value offers a convenient method if the ratio remairis constant with time. In
coastal arcas where the salt origin is from scawater sprays and acrosols, the
chloride-to-sodium ratio should remain fairly corstant. Therefor, a convenient analytical
mcthod for sodium, flame cmission spectroscopy (FE), was evaluated for determining
chloride concentration.

Sec reference 2,

Ambler, H. R., and A. A. J. Bain, Applied Chemistry, No. 5, p 436, 1955,

Intersocicty Committee, Methods of Air Sempling and Analysis, Method 201, Analysis for Chloride-Content of the
Atmosphere (Manual Method) (12203-01-68T), p 243, American Public Health Association, Washingson, DC, 1972,
Orion Specific lon Electrodes, Bibliography, Orion Rescarch Incorporated, Cambridge, MA, 15 January 1 70
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EXPERIMENTAL METHODS

Two cexperimental analytical techniques for dissolved chloride were evaluated with
respect to the standard mercuric nitrate tittimetric method during this investigation.
Samples used for cvaluating the experimental procedures with respect to the standard
mercuric nitrate method were acquired ‘rom three sources. Wet candles already located at
field test sites, and analyzed monthly using the standard method, were also analyzed
using the experimental metkds. Finally, two sets -of wet candles were used for checking
reproducibility of the wet-candic sampling method in the Canal Zone tropics, and they
provided additional candles for cvaluating the analytical methods. Measuring
reproducibility of the wet-candle sampling method provided information for assessing the
required accuracy of the analytical technique for measuring chloride.

Ficld Exposure of Candles

To evaiuate the reproducibility of wet candles and to provide samples for developing
an improved analytical method for water-soluble chlorides, 16 candles were placed
adjucent to one another in an open ficld. The candles were fabricated according to
standard operating procedure (table C-1). Candles were placed on racks in the field as
shown in figure 2. Data werc collected at two different field sites; (1) Chiva Chiva epen
field inland sitec on the Pacific side of the Isthmus. and (2) Fort Sherman open ficld
inland site on the Atlantic side of the Isthmus. These two sites were selected on the basis
of historical salt mecasurcments that show the Chiva Chiva sitc is characteristic of low
ambient salt concentrations and Fort Sherman site is characteristic of high salt
concentrations. However, continuous saltwater spray is not characteristic of the Fort
Sherman site.

Figure 2. Field Exposure of 16 Identical Wet Candles.

10
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Sixtcen wet candles were exposed at Chiva Chiva from 13 September through
15 October 1974. The candles were exposed with two candles per rack and racks were 3
fect apart. All cight racks were placed in a straight line, northeast to southwest, that was
perpendicular to the prevailing wind direction characteristic of the Chiva Chiva site during
that time of the ycar. The candles were checked on a weekly basis to insure that water
levels were sufficient for wetting the gauze wick. At the end of the 32-day exposure the
candles were returned to the laboratory for analyses.

Sixteen wet candles were exposed at the Fort Sherman open field inland site from
19 December 1974 through 20 January 1975. The candles were exposed in the same
manner as thosc at Chiva Chiva. The racks were located on a line, running northwest to
southcast, perpendicular to the prevailing wind direction. The candles also underwent
weekly maingenance to insure sufficient water level for wetting the gauze wick. After the
32-day exposure period the candles were returned to the laboratory for analyses.

Manual Method for Chloride (HgMO,)

The standard mercuric nitrate (HgNO;) analytical procedure for determining total
amount of chloride collected in a wet candle requires digesting to dissolve the salt,
filtering, oxidation, volumetric dilution, then titration. The standard analytical procedure
used for the past eight ycars is given in table C-1. During this investigation the procedure
was changed to provide sulficient sample sizes for all analyses performed. After digesting
and filtering, each sample was cvaporaicd to approximately 75 milliliters (ml), then it was
volumetrically diluted to 100 ml. The sample was divided equally into 50-ml aliquots.
One aliquot was used for chloride determinations by using a selective ion electrode (SIE)
and sodium analyses by flame emission (FE) spectroscopy. The second 50-ml portion
was analyzed according to the mercuric ritrate procedure in table C-1 beginning with
paragraph 6, stecp 7. Volumes werc adjusted to smaller quantities, where necessary, to
maintain concentration ranges for maximum accuracy for each respective analytical
method during this investigation. Results from a wet candle arc usually expressed as
mg chloride/m?/day, i.c., milligrams of chloride deposited on one square mecter of wick
averaged over a 30-day exposure period. For evaluation of the experimental analytical
techniques with respect to the standard method, all results are reported as total
milligrams of chloride. This allows direct comparison of analytical method without regard
to time of exposure. In order to convert from milligrams chloride to mg Cl/m?/day, it is
only necessary to divide total chloride in mg by (0.01 m2+T). *f” is the iength of candle
exposure in days.

Sclect Ion Electrode {SIE)

Chloride concentration was measured directly on the 50-ml aliquot of solution using
an Orion Model 92-17 chloride ion clectrode and Orion Model 90-01 standardized
reference clectrode using potassium chloride standard solutions between 1 and. 500 ppm
for calibration. Samples that did not fall within this concentration range were
concentrated by cvaporation or diluted until they were within the operating range. Total
chloride for the wet candle was calculated by multiplying the concentration in ppm by
the appropriate volume of solution.

11
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Water-soluble chloride concentrations measured using the above select. ion electrode
are typically completed from 1075 to 107! (moles/liter} or 0.35 to 3500 ppm. Precision is
dependent on parameters such as the presence of interfering ions, tctal ionic strength of
the sample, temperature, and pH. Precision is generally good to %1 percent of the
chloride activity in the sample when the electrode is frequently calibrated.”

Flame Emission (FE) for Sodium

After chloride concentration was measured using the chloride select ion electrode,
the same aliquots were analyzed for sodium: using flame emission spectroscopy. Amnalyses
were completed on a Beckman Model 440 Atomic Absorption instrument with a flame
emission accessory. Total milligrams of sodium were calculated by multiplying the
mezsured coacentration in ppm by the appropriate volume of solation,

Sodium analysis by flame emission spectroscopy in this laboratory has a minimum
detection limit of 0.06 ppm. The upper limit of measurement is 1ot defined because a
very concentrated s.lution can be volumetrically diluted until its concentration falls
below the typical instrument operating maximum of 50 ppm for daily laboratory
analyses. Precision of analysis for sodium using flame emission spectroscopy is gencrally
%1 perceént of the sodium concentration.

RESULTS AND STATISTICAL ANALYSES .

The data in tables 1 through 4 list the milligrams of chloride determined by select
ion electrode (SIE) and standard mercuric nitrate (HgNO;), and mlllxgrams of sodium
measured by flame emission (FE).

Developmental work and initial analyses were completed on wet candles undergoing
exposure at tropic test sites located throughout the Canal Zone. The data in table 1 are
the results of chloride and sodium analyses for wet candles exposed at these sites for
support of presently assigned tropic tests. Ambient salt concentrations vary among these
sites depending upon their location. The Fort Sherman breakwater site is located in a
almost cortinuous salt spray from the Caribbean Sea, as opposed to the Fort Sherman
jungle site (Skunk Hollew) which is located in a dense tropical moist forest,

Chemical analyses for 16 identical wet candles exposed at Chiva Chiva during the
period 13 September through 15 October 1974 (32 days) are shown in table 2.

Data for analyses of 16 identical wet candles cxposed at Fort Sherman from
19 December 1974 through 20 January 1975 (32 days) are presented in table 3.

The data in table 4 show chloride analyses for 12 control wet candles which were
fabricated and analyzed, but not exposed to the environment. The control candles
allowed measurements of residual chloride from fabricating materials, reagents, and

distilled water. Chloride collected in the field is the difference between total chloride
measured in the candles after exposure and that measured in the control candles.

7 Instruction Manual for Model 92-17 Chloride Ion Electrode, Orion Research Incorporated, Cambridge, MA.
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r Table 1. Chemical Analysis of Wet Candles Exposed at Tropic Test Sites
e
3
3 Chloride, mg Chloride, mg Sodium, mg
3 Scmple Test Site SIE HgNO3 FE
i ’ 1 5.80 2.40 0.83
1t 2.80 2,22 1.65
1% Fort Sherman Forest (Skunk Hollow) 5.60 2.82 1.25
; 1% 2.20 2.09 1.00
2*° 3.50 266G 0.53
2t 3.1% 2.70 1.5
2t Galeta Open Field (Laboratory) 6.00 3.78 2.65
28 4.30 3.78 2.35
3 6.00 3.08 0.82
3t 2.00 1.39 0.80
3t Galeta Forest 2.10 1.71 0.92
38 190 1.61 0.86
, 4° 20.06 15.98 8.84
3 4t 43.00 44.53 25.00
4% Galeta Coastal! 165.00 156.18 91.00
4§ 190.00 178.58 105.00
2 5¢ 7.60 250 1.64
5t 6.20 5.15 3.10
34 Fort Sherman Open Field 20.00 16.60 9.70
5§ 29.80 28.44 15.70
E 6 60.00 55.48 33.66
1 6t 190.00 169.99 103.00
61 Fort Sherman Coastal (Tcoro Point) 660.00 698.11 442.00
§ 6§ 800.00 825.81 515.00
7* 2.30 290 1.04
7t 9.40 5.85 4.20
3 7% Fort Gulick Open Field (Ammo Dump) 7.20 4,77 3.05
1 78 195 1.54 0.70
3 g 3.70 227 0.83
. 8t 3.60 254 1.50
8 Coco Solo Open Field {POL Farm) 3.10 2.47 1.23
3 8% 7.20 3.63 3.05
[ * Samples exposed from 7 October to 7 November 1974
E t Samples exposed from 7 November to 6 December 1974
! $ Samples exposed from § December 1974 to 10 January 1975
) § Samples exposed from 10 January to 10 February 1975
[}
1 Table 2. Chloride Analyses of Wet Candles Exposed
at Chiva Chiva Open Field Site for 32 Days*
Candle Chioride, mg Chloride, mg Sodium, mg
Number SIE HgNO3 FE
1 1 2.85 1.02 052
) 2 5.00 1.14 0.57
i 3 3.90 0.71 0.58
! 4 4.00 1.10 0.47
5 3.00 0.93 0.56
. 6 5.80 1.39 1.16
7 3.30 1,31 0.98
8 285 0.99 0.66
9 3.10 1.21 0.66
, 10 3.55 1.16 08
‘ 11 3.10 1.23 0.7
12 4,25 1.27 1.12
13 6.20 1.25 0.30
1 14 3.55 0.89 0.50
. 16 6.20 1.41 » 40
i 16 3.90 1.10 052

* Exposure period was 13 September through 15 October 1974,
K 3 13
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Table 3. Chioride Analyses of Wet Candles Exposed

at Fort Sherman Open Field for 32 Days*

Candle Chloride, mg Chloride, mg Sodium, mg
Number SIE +HigNO3 FE
1 21.00 18.72 10.60
2 17.00 16.73 9.30
3 23.00 18.86 10.80
4 14.30 11.33 7.10
3 22.00 19.36 11.10
(<] 26.00 23.711 12.40
7 27.00 2260 12,20
8 25.00 20.69 11.60
9 16.00 11.62 7.00
10 19.00 15.68 9.50
11 19.00 16.21 9.20
12 1980 19817 11.20
13 20.60 19.28 10.60
14 24.80 19.30 12.10
15 16.00 14.95 8.50
16 15.00 12.08 7.30

* Exposure period was 19 December 1974 through 20 January 1975

Table 4. Chloride Analyses of Aet Candla Controls

Candle

Not ‘Exgosad to tha Environment

Chloride, mg Chlioride, mg Sodium, mg
Number SIE HgNO3 FE
1 0.80 - 0.46 0.42
2 0.53 053 0.41
3 0.56 0.48 0.36
4 054 0.46 0.39
5 0.50 0.54 039
6 0.64 052 0.39
7 0.50 048 0.34
8 0.66 0.63 042 .
9 0.58 "0.58 0.42 '
10 0.60 0.95 035
11 0.66 0.89 0.30
12 0.65 0.74 0.28
The percent errors between the standard and SIE methods, and between the ‘

standard and FE methods, were computed as a preliminary evaluation of the accuracy of
the two experimental techniques. Milligrams of chloride by the FE method were
calculated from the Cl.Na atomic ratio (1.54) for sodium chloride. SIE meusurements )

were directly in ppm chloride. Table 5 generalizes these errors for the experimental data
in tables 1, 2, and 3.

Table 5. Errors between Standard Mercuric Nitrate and Experimental Mathods

Table 1 Table 2 Table 3 .
Error mgClsje  1.64°'mgNa  mgClsie  1.54'mgNs mgClgle  1.54°mgNa
Aversge absolute arror, [E |, % 40.20 18,01 269.29 23.99 1691 11,05
Average error, E, % _ ~38.17 +13.71 -259.29 ~3.65 -16.50 +11.06
Standard deviaticn of E, o 45.50 20.78 90.35 2.16 9.16

29,08
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For additional comparisons between the standard and experimental methods of
analyses, t-tests between paired mcans® were made to determine whether there were
differences in average chloride measurements among all three methods. Also, F-tests
between standard deviations were made to determine significant differences in variability
of mecasurements.?

In an attempt to reduce the errors in table 5, correction factors for both
cxperimental data sets were evaluated. From graphs of standard versus experimental data,
it was determined that a lincar correction factor should yicld satisfactory results.

VUV —

Two types of lincar corrections were chosen for comparison. The first was:-

Yeorrected = @+ bYmeasured (1)

and the second was an abreviation of the first, namely:

Ycorrected = PYmeasured (2)

where @ and b are constants to be computed for the best Ycorrecteg results.
“Ymeasured” is cither mg chloride as measured by SIE or mg sodium as measured by FE.
To minimize the percent error between the experimental and standard methods, least
squares curve fitting techniques were applied to the formula,

rea

= Yactual = Ycorrected (3)

Yactual

or
£ = CHgNO, ~ {8 + bYmeasured!

for the first correction equation, and, for the second;
£ = CIHgNO, ~ bYmeasured
CIHQNO:;

(4)

The value of E, to be estimated using the least squares approach to finding empirical
values for a and b, was zero for all pairs of measured data. This curve fitting procedure
was applicd to three different scts of data; all data, data <10mg ClHgNO;» and data
>10mg C[HgNO;,- The correction equations generated are as follows:

Based on all data in tables 1, 2 and 3;

]

mgCl = 0.63-{mgClg;g) - 0.65 (5)
0.53+(mgClg|E)
1.56°(mgNa) + 0.06

1.69-{mgNa)

8 National Burcau of Standards, Experimental Statistics, Handbook 91, para 3-3.12, 4-2,1, Government Printing Office,
Washington, DC, 1963.
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Based on data <10mg ClHgNO, }

mngCl

Based on data >10my CirigNO, 5

mqCl

= 0.14+(mgClgg) + 0.81 (6)
= 0.42+(mgCig|g)

= 1.19+(mgNa) + 0.36

= 1.67+(mgNa)

= 0.97+(mgClg|g) - 2.37 (7)

0.88*(mgClgyE)
1.68+(mgNa) + 0.40
1.72+(rngNa)

Application of the preceding formulas to the sets of data from tables 1 through 3
shows the following correction equations produced the least error:

Based on all data;

mgCl
mgCl

Based on data <10mg CiHgNO; ;

mgCl
mgCl

Based on data >10mg C'HgN033

maCl
mgCl

The errors between the standard

= 1.69°(mgNa) (8)
= 0.53+(mgClg|g) - 0.65
= 1.67+(mgNa) (9)
= 0.14+{mgClg|g) + 0.81
= 1.72+(mgNa) (10)

0.97+(mgClgg) - 2.37

mercuric nitrate and experimental methods, after

correcting the data in tables 1 through 3 with the above equations, ave given in table 6.

Table 6. Errors batween Standard Mercuric Nitrate and Experimental Methods After

Using Correction Equations for Lowest Error

Table 1 Table 2 Table 3
Error 0.53({mgC!g|e)~0.66 1.69*(mgNa) 0.14°mgCl5ie+0.81 1.67°mgNs 0.97°mgClgie 1.72°mgNa
Average absolute error, [E , % 46.94 165 24.44 250 6.67 44
Average error, E, % 45.01 5.5* =24.08 -12.1 0.82 0.8
Standard deviation of E, 6 23.82 22.8 22,16 315 8.08 5.2

* Average extent FE over estimated standard method,

16
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As may be scen from tables 5 and 6, a significant reduction in ervor is achicved by
application of corrcction cquations tv both experimental methods cxcept for SIE in
table 1 and FE in table 2. In these two cases, the direct measurements of chlovide result
in less crror than results obiained using the correction cquations. In addition, the flame
emission method results produce an average error of at least half that obtained from SIE
results, except for table 3 where the error is rearly cqual for both methods.

Table 7 shows the results of significance tests based on the data in tables 2 and 3.
Based on the two indicators of prediction for comparing the experimental mcthods with
the standard mcthod, [i.c., (i) t-tests between mean milligrams of chloride, and (2)
F-ratios between the standard deviations of the chloride measurements], there were no
significant differences in results from all three analytical methods for wet candies at Fort
Sherman after applying the correction cquations. Also, for the data in table 2, there was
no significant difference in mean chloride measured by the standard and flame emission
methods when the correction equations were applied to the FE data. The standard
deviations were significantly different. Because the data in table 2 are among the lowest
levels of chloride characteristic of tropic test sites in the Canal Zone, a high percentage
variation in measurement should be insignificant when comparing its tclative corrosiveness
with test sites characterized by much greater saltfall.

Table 7._Significance Tests on Chiva Chiva Data (Tuble 2) and Fort Sherman Data (Tabls 3)
Stgnificance Tests Chrva Chiva (Table 2) Fort Sherman (Tabte 3)

{a= 05) m3Clugng, MaCigie 0 14-mgClgig + 081 1 67-mgNa 1 63-mgNa moCliyang, maClsie 097-meClsig - 237 1 72-mgNa 1.69-mgNa
1:Test of Meang

mean 113 403 137 129 1.31 1750 2034 17.36 1724 * 1692
1210 NA 1049° 5 15 168 1.70 NA 714 038 094 203
di=15

£-Test of Standard Deviatign

standard deviation 0.19 116 0.16 051 0£2 376 33 404 313 3.08
F.ratio NA 37.27¢ 141 721° 749° NA 1.22 t15 1.44 1.49

di #» 15115
® Sigmifies signif difference b vaniation in exper | method and dard method (HgNO, )

For both sets of wet candles (tables 2 and 3), the flame emission method provides
the closest approximation of those results obtained by the standard merturic nitrate
method. While the correction equations for the FE method that arc based on the low
(<10mgCi}) and high (>10mgCl) ranges may provide 2 smaller crror from the standard
mechod, there is no significant difference in results obtained by using the general
cquation, mgCl = 1.69+mgNa, for all data ranges.

The average absolute error between the FE results, »<ing the 1.69*mgNa correction
cquation, and the standard mercuric nitrate method for the wet candles in table 1 is 15.5
percent. Based on the data in tables 2 and 3, the variation of results because of the
wet-candle sampling method is 13.1 percent and 18.2 percent, respectively. Hence, the
FE analytical method, using the 1.69°mgNa correction cquation, introduces no greater
variation in chloride measurements than the ficld sampling method currently used.

17




Table 8 shows the results of the significance tests on the control data of tabie 4. No
significant d.fferences werg found between chloride means for the standard method and
FE mecthods. The standard deviation for the FE method is much less than that for the
mercuric nitrate method, therefore causing the significant difference in standaid deviations.

The major diffcrence between analyzing control candles and field expesed candles is
that control samples do not have interfering ions. introduced by the environment,
therefore reducing variation in analysis. For the control samples, any of the three
analytical methods can be used to obtain equivalent resuits.

Table 8. Significance Tests on Contro! Data of Table 4

Significance Tests Table 4 Dats
(0= 0.05) HgNO3 mgCI§|E 1.54 'mgNa

t-Test of Means:
mean 0.51 0.63 0.57
t-ratio A 0.24 0.65
df = 15

F-test of Standard Deviations: .

standerd deviation 0.18 0.10 0.07
F-ratio NA 3.64° 6.23*
df = 11/11

* Signifies significant difference between standard method (HgNO3).
ECONOMIC ANALY?IS

An cconomic analysis was completed for this study (sece table C-2 for detailed
computation) to determine whether the experimental analytical methods of chloride
sclect ion electrode or flame emission spectroscopy were more cost effective than the
standard mercuric nitrate method. Based on an economic life of 10 years and a personnel
man-hour reduction from 1.325 hours/candle to 0.583 hours/candle for analysis time, a
savings to investment ratio of 1.17 will be realized by the Tropic Test Center. This will
result in a rate of return on the initial investment of 17 percent per year.

CONCLUSIONS

® The wet-candle sampling mecthod for ambient concentration of chlorides is
accurate only to an average of approximatcly £ 16 percent of the mean chloride content
in a salt candle exposed to the tropics of the Canal Zone. The least deviation from
chloride measurements made by the mercuric nitrate method was obtained by flame
emission spectroscopy for sodium.

® For total chloride measurements less than 20 milligrams,
mgCl = 1.67°mgNa

produces the least deviation from the mercuric nitrate standard method.

® For total chloride measurements greater than 10 milligrams,
mgCl = 1,72°mgNa
produces the closest approximation of the mercuric nitrate method.
18
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L ¢ The chloride to sodium atomic ratios in scawater samples, from both the Atlantic
and the Pacific occans, were nearly cqual to the Cl: Na ratio of 1.72. The salt concentration

in these candles must be deposited by scawater acrosol and spray impinging o the candle
. wick.

® For all wetcandle chloride concentration runges, sodium analysis using the
e C equation,

mall = 1.69-mgNa
gives the lowest crror compared to the standard method, and it is not statisticaily significant
from the standard mcrcuric nitrate method. The etror of analysis is approximately * 15

percent of the mean chloride content in a wet candle as compared to the * 16 percent
reproducibility of the wet-candle sampling technique.

® The flame emission and sclective ion clectiode methods both reduce average
laboratory analysis time from 8 hours/6 candles (1.3 hours/candlc) to 3.6 hours/6 candles

(0.6 hours/candle), therefore reducing man-hour requirements and producing a
savings/investment ratio of 1.17.

RECOMMENDATIONS

® The presently used standard mercuric nitrate method for measuring water-soluble
chlorides in wet candles should be replaced with flame emission spectroscopy for sodium
concentration. The coirection equation,

mgCl = 1.69°mgNa

should be used uniformly for all chloride concentrations to estimate ambient chloride.

T Y
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No new Test Qoerations Procedure is recommended because, within the US Army
Test and Evaluation Command, this method is used only by the Tropic Test Cunter.
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SECTION III. APPENDICES

APPENDIX A. TEST DIRECTIVE

(Cory)
DEPARTMENT OF THE ARMY
Hcadquarters, US Army Test and Evaluation Command
Aberdeen Proving Ground, Maryland 21005
Mr. Crowell/dg/870-2775

AMSTE-ME 13 March 1974

SUBJECT: Test Directive, Improved Quantitative Analytical Mcthod for Determination of
Atmospheric Chlorides, TECOM Project No. 9 CO 009 000 022

Commander

US Army Tropi Test Center
ATTM: STETC-PD-M
Drawer 942

Ft. Clayton, CZ

I.  References:
a.  TECOM Regulation 70-12, dated 1 June 1973.
b. Letter, AMSTE-ME, 25 May 1973, subject: FY 74 Mcthodology Program.

2. This letter and attached Forms 1188 and 1189 (Incl 1) constitute a test directive for
the subject investigation under the TECOM Mcthodology Improvement Program
1U765702D625. Funds will be provided under separate cover. The utilization of funds

provided to support the subject investigation is governed by the rules of incremental
funding.

3. The Mecthodology Investigation Proposal at Inclosure 2 and the additional guidance
provided at Inclosure 3 are the bases for heedquarters approval of the subject
investigation. Any deviation from the approved scope, procedures, and authorized cost
will require approval from this headquarters prior to execution.

4. Speccial Instructions:

a.  All reporting will be in consonance with paragraph 9, veference la. The final
report, when applicable, will be submitted to this headquarters by September 1974,

b.  Recommendations on new TOPs, or revisions to existing TOPs, will be included
as part‘of the rccommendation scction of the final report (para 9¢, TECR 70-12). Final
decision on the scope of the TOP cffort will be made by this headquarters as part of the
report approval process.

c.  This investigation is unclassified.

d. Point of contact at this hcadquarters is Mr. Albert Crowell, Autovon 870-2775.

FOR THE COMMANDER:
[s/Sidney Wisc

3 Incl Jt/SIDNEY WISE
as Dir, Mcthodology Improvement
(END COPY)
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APPENDIX C. DATA

Y uble C-1. Standard Operating Procedures for Wet Candles

1. Preparation of Wat Candies

4 Cut 2 40-inch length of 2.inch wide No. 2 surgical gauze for each candle.

S Boll the gauze in distilled water to remove all chlorides. Check a portion of the wash water for
chlorides by adding several drops of a 10 parcent silver nitrate sciution. If a cloudiness or turbidity
develaps, repeat the washing operation with fresh distilled water until the siiver nitrate tests show the
absence of residual chloride on the gauze.

A Handle the washed gauze with clean rubber or plastic gloves.

4 Insert, to the rim, a2 chemically ciean %-inck x 5%-inch test tube in a No. 7 rubber stopper that has two
parallel flat sides made by butting the stopper on opposite sides. The test tube should protrude above the
top of the stopper.

4 Using clean gloves, wrap the wet gauze around the test tube, from the stopper to the iube tip and then
back to the stopper, so that a double layer of gauze has been applied over all the outside portions of the
tebe that are not in the rubber stopper. Wrap the gauze smootnly and tightly covering all the exposed
surfaces of the tube including the top. Approximately 6-inch lengths of gauze should be availlable, free, at
each end, to serve as wicks.

4 Unless the candle is to be used immediately, dry in a warm oven at 50°C for about 6 hours.
4 Store the dry candle in a clean container that can be used for transporting to the site. One-, Jart plastic

containers with well-fitting cover< have been found convenient for this purpose, as the cantainers can also
be used later for transporting the solution and exposed candle from the site.

2. Emplacement of Wet Candls at the Site

4 Re-wet the gauze of the candle with distilled water.

A Insert the rukber stopper, of the wet-candle assembly, into a clean 500 mi Erlenmeyer flask containing
300 ml of distilled water. Insert the 6-inch lengths of free gauze into the flask so that the gauze ends
enter the flask in the spaces between the flat faces of the stopper and the flask neck. The free ends of
the wicks should almost touch the bottom of the flask.

A Place the wet-candle assembly about 4 feet above the ground so that it is secure and there is access to
air from all sides. Flask holders that are used for shaking machines have been found convenient for
holding the assembly.

- Protect the wet candle from direct rain and sunlight by a slightly sloping roof, spproximately 12
inches x 12 inches, centered over the candle and about 2 inches above the tip of the gauze wrapped tube.

3. Exposure

A Allow the wet candle to remain undisturbed for the duration of the exposure period, usually one
month.

A Be sure the two ends of the wick are always immersed in water in the flask, If, during the exposure
period, water evaporates, add distilled water periodically to bring the level back to the 300 ml mark. If,
during the exposure, rain enters the flask and raises the water level, remove the excess water and store for
later addition to the flask’s contents at the end of the exposure period.

4, Removzl of Wet Candie from Exposure

4 At the completion of the exposure period, bring the wei-candle assembly to the laboratory for enalysis,
suitably protecting the gauze and flask contents. Use plastic glove. to put the stopper and wet candle in a
ong-quart container, adding to the container the water in the flask plus threa rinsings with distilled water.
The flask can then be reused at the site and only one containcr has to be transported.

C-1
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Table C-1 (cont)

5. Control

A Where the atmcspheric salt content is low, prepate &n extra wet-candle assembly and store in a closed
container until tae completion of the exposure period. Place the control wet-candle assembly and 300 m!
of the distilled water in a container and carry through tha analytical procedure the samso as the exposed
wet candles. Use the determined salt value as a blank to be subtracted from the values determined for the
exposed wat candies.

6. Praparation of Sample for Analysis

A Using clean plestic or rubber gloves, unwind the gauze from the candle and place in a 600 mi beaker,
Pour the water from the transport container (or Erlenmeyer flask) into the beaker. Rinse the contsiner,
stopper and test tube with distiiied water, and add the rinsings to the beaker.

4 Boii the water in the beaker, containing the gauze, for ten minutes.

4 Decant the boiled water into a second beaker,

»

Pour fresh distilled water over the gauze, bring to a boii, and decant the liquid to the second beaker,

»

Repeat the addition of water over the gauze, bringiny to a boil, and decant:ng to the second beaker.
a Cvaporate the liquid to a volume of approximately 400 ml, avoiding spattering.

4 Filter the liquid to remove any insoluble residue. Rinse the beaker, and filter, and add the filtered
washings to the filtrate.

4 Acidify the sample with 3 drops of 10 parcent sulfuric acid solution.

4 Add 0.5 m! of 5§ percent potassium permanganate solution. If the pink color is not retained, continue
addition of the permanganate solution until the pink color persists.

4 Allow the sample to stand at least 30 minutes (sample may stand overnight).
a Add 3 ml of 3 percent hydroger peroxide solution and boil for about 5 minutes.

A Filter the sample, rinsing the paper and funnel, and adding to the filtrate. If filtrate is not colorless,
add additional peroxide, boil, and refilter.

A Evaporate the sample to a volume of about 400 mf.

A Transfer the solution to a 500 ml volumetric flask. Rinse the beaker, adding the rinsings to the flask
and make up to the mark with distilled water.

7. Titration

A Transfer a 100-ml aliquot from the volumetric flask to a titration vessel (flack, beaker, or porcelain
casserole).

A Add S drops of diphenylcarbazone-bromphenol blue indicator.

A [If 3 yellow or orange crlor develops, add 0.25N sodium hydroxide solution, dropwise, until a biue
color develops.

A To the blue or blue-violet colored sample, add 0,5N nitric acid solution, dropwise, until a yellow or
orange color develops.

A Add one additional ml of 0.08N nitric acid solution {pH of sample should be 3.2--3.4).
4 Titrate with 0.025N mercuric nitrate solution to a persistant bluewviolet endgoint.

A Use the average of three titrations of 100-m! aliquots,

C-2
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Table C-1 (cont)

8. Calculations

i

\(-‘—-“- -

Jaduicad any

4 Calculate the chloride trapped by the wet candle in tarms of milligrams of chloride per square mster of
exposed gauze per day.

mgCIImzlday a SBA46fVeN

TeA
where f = factor for dilution = 5 for 100-m! aliquot
= volume, in mi, of mercuric nitrate solution required for titration
= normality of mercuric nitrate solution 1
= exposure time in days
= exposure area of gauze in square meters—if test tube is uscd as
described above, the exposed area should be 0.01 square mezar

> ~q42<

For ,025N mercuric nitrate solution and a 30-day month,

35.46°f*V N _ (3546} (5) (V) {.025) , 14.8V
T*A {30) {0.01}

mgCIlmzlday =

NOTES: If the chloride content is vey low, the titration analysis with mercuric nitrate may be replaced
by a spectrophotometer analysis using the mercuric nitrate reagent. See Clarke, F. E., Analytical Chemistry,
Vol 22, p 553, 1950.

If the chloride content is very high, a lass aliquot than 100 ml should be titrated or the sample should be
titrated with 0.250 N mercuric nitrate.

aagents

4 Silver Nitrate .

Dissolve 1.6 gm silver nitrate in 100 ml water

4 Sulfuric Acid Sclution (10 percent)
To 90 m! of water add, cautiously, 10 m! concentrated sulfuric acid .

4 Potassium Permanganate Solution (5 percent)
Dissolve 5 gm potassium permanganate in 100 m! of water

4 Hydrogen Peroxide (3 percent)
Use commercially available solution

4 Sodium Hydroxide (0.025N)

Dilute 2.5 ml 1 N sodium hydroxide to 100 ml. Prepare 1 N sodium hydroxide by dissolving
42 grams sodiura hydroxide sticks or pellets in water and dilute to 1 liter.

A Nitric Acid (0.05N)
Dilute 3.2 mi nitric acid (sp gr 1.42) to 1 liter

4 Diphenylcanbazone-bromphenol blue mixed indicator
0.5 gm diphenylcanbazone, C. P. crystal
0.05 gm bromphenol blue, C. P. crystal
Dissolve in 95 percent ethanol, or absolute methanol
Dilute with alcohol to 100 mil

4 Standard, Potassium Chloride {1 gm chloride per liter)

Dissoive 2.103 gm potassium chloride (C. P.} in 500 m! distilled water
Dilute to 1 liter

A Mercuric Nitrate (0.025N)
Dissolve 4.17 gm mercuric nitrate (Hg{NO3),*%H,0, C. P.) in about 50 mi of distilled water
to which the equivalent of 0.35 mi concentrated nitric acid had been added. Dilute to 1 liter
with distilled water. Standardize by titration against potassium chloride sofution containing
0.0% gm chloride prepared by taking a 10-ml! aliquot of the potassium chloride stock
solution. Add 100 ml distilled water. Adiust pH to 3.2 to 3.4 with 0.05N nitric acid. Titrate
with mercuric nitrate solution using the diphenylcanbazone-bromphenol blue indicator.

grams chloride
0.03546 x ml mercuric nitrate solution )

Normality of mercuric chloride =

If 10 m! of stock solution is used:

001 .282
Normality =g oseas xmi = mi
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' Table C-2. Economic Analysis/Program Evaluation Summary of Costs for Farmat A-1
; -
! Submitting DOD Component: US Army Tropic Test Center
4 ' Economic Analysis of Three Analytical Procedures for Chlorids
1 . [HgNO3 Titration — Flame Emission (FE)} — Select lon Electrode (SIE}]
1 Objective: To determine the most cost effective methoa for processing wet candles without sacrificing accuracy.
4 Present Alternative: HgNO3 titration method requiring a large amoi'nt of reagents, supplies, laboratory space and
handling. Economic Life: 10 years
Proposed Alternative: FE or SIE method Economic Life: 10 years
{Operations) Costs Discounted
Present Proposed Differential Discount Differential
' Project Year Alterpative Alternative Ccest Factor Cost
; 1976 $3811 $1677 $2134
' 1977 3811 1677 2134
1978 381 1677 2134
1979 3811 1677 2134
1980 3811 1677 2134
1981 3811 1677 2134
. 1982 3811 1677 2134
X . 1983 3811 1677 2134
¥ 1584 3811 1677 2134
4 1985 3811 1677 2134
2 TOTALS 6.447 $13,758
Present Value of New Investment:
- Land and buildings None
Equipment None
Other—Man-hour cost for chemical research required
to develop the naw method $11,800
Working capital {change—plus or minus) ———
1 , Total Present Value of New [nvestment: $11,800
i | Plus: Value of existing assets to be employed on the project . None
Less: Value of existing assets replaced None
Less: Discauntzd Terminal Value of new investment None
Total New Present Value of New Investment: $11,800
Present Value of Cost Avoidance: $13,758
3 Plas: Prerent value of the cost of refurnishment or modification eliminated Nane
Total Presant Value of Cost Avoidance: $13,758
é Savings/investment Ratio: $13,758 ~$11,800 = 1.17
Rate of Return on Investment: 17 percent
-; Source/Derivation of Cost Estimates:
. Investment Costs—
Changes in working capital—total cost of the investigation was $11,800
Net terminal value—NA
¥
1 ; .{ecurring Costs {Operations)— :
i Personnel—assuming 22 wet candles will be processed each month, the following estimates
: are presented—
HgNO3 Method FE or SIE Method
- Twenty-two candles per month times 12 Twenty-two candles per month times 12
! months times 1.325 hours/candle times months times 0.5833 hours/candle times
$10.89 per man-hour equals $3,809 per $10.89 per man-hour equals $1,677 per
year. year.
Operating—operating costs are nominal and approximately equal and therafore not considered.

Overhead Costs—thesa costs do not change as a result of the investigation end therefore were
not considered.

J. C. Bryan, Operations Research Analyst 2 June 1975
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APPENDIX D. SYMBOLS AND ABBREVIATIONS

Chloride ion

Chloride to sodium atomic ratio

Mercuric nitrate

Sodium ion

Parts-per-million = micrograms/milliliter of solution
Chloride select ion electrode
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